The extrusion of apical detritus during the retracting procedure is very important, as, besides eliminating materials of radicular obturation, aggressive agents and products such as the remains of dentin taken out, and microorganisms are generally located in tissue around the roots, producing undesired effects, such as inflammation, acute pain, post-operatory pain and delays in the periapical treatment.
INTRODUCTION
During instrumentation of the root canal,it is inevitable that detritus which contains dentin, extrudes through the apical foramen, at the time of duct disobturation in performing a re-terms of instrumentation techniques and metallurgy systems that have led to the introduction of several files with innovative and safe designs. However, all shaping or retreatment techniques and instruments available on the market are still somehow related to a degree of debris extrusion, which is of concern [2, 4 -6] .
Some techniques are known to extrude more debris than others, and the design of the instrument has an important influence, with different conicities, cross-section, cutting angle, groove depth, radial surfaces, cutting direction, thermomechanical treatment, movement, torque and speed with which they are used, and the number of instruments involved in the system. There are several factors involved, however, the results of these studies are very controversial as it cannot be determined with certainty what is the main factor for extruding a larger amount of debris apically, or if it is the combination of many of them [7] .
What is determined is that apical crown techniques, properly maintaining working time and profused irrigation of the root canal system, are fundamental factors to reduce the amount of extruded debris in the periapical region [8] .
There are several techniques and instruments for performing endodontic retreatments. However, rotary and reciprocating file systems today are preferred because of their multiple advantages [9] .
It is vitally important to know that either a rotating or reciprocating system expels a larger amount of debris apically, since existing studies are contradictory and controversial, and most retreatment studies focus more on the quality of clearance and the time taken to use the files [10 -12] , so there is little information about how much debris these systems expel into the apical region.
This in vitro study aimed to compare the amount of extruded detritus through the apical foramen during the execution of retreatment using a rotational system (ProTaper Universal Retreatment Dentsply Sirona) and a reciprocating system (Reciproc VDW).
MATERIALS AND METHODS
This in vitro comparative study used human premolars donated by the UDICIS University. Selection criteria included: Extracted single-rooted first human premolars whose lengths were not less than 20 mm and greater than 22 mm, with completed root formation. Teeth with endodontic treatment or anterior duct manipulation with caries, resorption and root fractures were excluded.
Forty teeth were randomly divided into two groups of 20 teeth each. The samples were divided into two groups according to group A: ProTaper retreatment, Group B: Reciproc.
Soft tissue remnants and calculus on the external root surface were mechanically removed. The instrumentation was performed using the ProTaper Universal System. Initially, cervical and middle third was prepared by using the instruments SX, S1, and S2. Subsequently, F1, F2, F3 files were used sequentially at working length, with the files discarded every 5 teeth.
During the instrumentation, 1 ml of 5.25% sodium hypochlorite was irrigated between each instrument with a syringe. The dentin layer was removed with 3 ml of 17% EDTA for 3 minutes, and the ducts were again irrigated with 1 ml of 5.25% NaOCl, followed by ultrasonic activation for one minute after each irrigator.
Root canals were dried out with paper points 30 and filled with standardized gutta-percha cones 30 and lateral condensation with Sealapex cement and accessories B. 6 mm from the working length of the cervical and medium surfaces were connected with the aid of one McSpadden Condenser # 45 and access cavities sold with Cavit. Radiographs were taken in buccolingual direction to confirm the quality of obturation. All the samples were kept in glass vials with water at 37°C and toasted at 100% humidity in a BIOBASE incubator for 15 days to allow complete adjustment of the seller.
The experiment was based on the study by Myers and Montgomery [13] (Fig. 1) . For the study, 40 Eppendorf tubes labeled with the corresponding one were used, the cap of each one removed, and weighed 3 times on an analytical balance with a precision of 10 -5 g to obtain the average value and establish the initial weight of each tube.
( Fig. 1) . Modified model of Myers and Montgomery [13] .
Afterwards, at the end of each tube, a perforation in the center with a hot instrument was performed (Gutapercha Condenser # 30). Each labeled tooth was subjected to pressure. Additionally a 27G needle was placed through the cover with the object of balancing the internal and external air pressure, allowing the extrusion of the detritus. Subsequently, the cover with the tooth and the needle were placed in the Eppendorf labeled tube. Additionally, the armed tubes were placed inside glass vials to stabilize them and make it impossible to contact the tubes during the experiment. In addition, they were covered with latex to blind the operator regarding waste production during root canal retreatment.
For retreatment with different techniques, the sample was divided into 2 groups with 20 samples each. The groups represented the 2 retreatment systems, rotational and reciprocating, that is, ProTaper R and Reciproc. For this procedure, no type of solvent was used. The irrigator used for retreatment was distilled water and 20 ml per tooth, to avoid any possible weight gain caused by the formation of NaOCl crystals [9] . For the final irrigation protocol, 17% EDTA was used for three minutes and ultrasonic activation for 1 minute. The engine used to activate the files was X Smart Plus. The files were discarded every five teeth.
GROUP A: ProTaper Retreatment System
Twenty teeth were prepared with ProTaper retreatment instruments (Dentsply Maillefer, Ballaigues, Switzerland), as indicated by the technique of this system. The D1 file was used to eliminate the obturation of the coronal third, while D2 was used for the middle third and D3 at work length. The file was cleaned, and the conduct was irrigated after each movement. The apical preparation was performed with ProTaper Universal F2, F3, and F4 files at 300 rpm and 3 Ncm torque. For better cleaning of the apical third, it was finished with a file with a diameter of 40.
GROUP B: Reciproc System
Twenty teeth were deobturated with Reciproc (VDW, Munich, Germany) as indicated by the technique of this system. The filling of the duct entry was removed with a Gate 3 at 100 rpm. Then the pecking movement of an amplitude of 3 mm was performed, with R25 file. After three completed pecking movements, a slight apical pressure was changed to a brushing movement against the walls of the duct and so on, until reaching the working length. The file was cleaned, and the conduct was irrigated after each movement. The apical preparation was done with an R40 file. The files were used at 300 rpm and 4.1 Ncm. The better cleaning of the apical third was finished with a file with a diameter of 40.
Once the retreatment was finished, the caps with the tooth and the needle were removed. The root was washed with 1 ml of distilled water in the tube to collect the debris that adhered to the root surface. Each tube was then stored in an oven at 105°C for 12 h to evaporate the distilled water before weighing the dry residues. Subsequently, the Eppendorf tubes with detritus were weighed on the analytical balance (precision 10 -5 ), for three times to calculate the average value.
The weighing protocol was the same for both the empty tubes and detritus tubes. The glass vial was placed on the scale with the reading bought to zero. The Eppendorf tube was placed inside the vial, the weight was recorded three times and the average value was obtained. The net weight of the extruded detritus was determined by subtracting the initial weight from the final weight of the tubes obtained in grams and transformed to milligrams.
Statistical Analysis
Based on a previous study [2], a sample size calculation was performed (Alpha of 5%, beta of 20%, power of the test 80%) and indicated that the sample size for each group must be of at least 18 teeth.
Shapiro-Wilk test was used to check the normality of data. Since data presented a normal distribution, a parametric test was used. The independent t test was used to compare the weights between the groups.
The statistical analysis was performed with Statistica software (Statistica dor Windows version 7.0, Statsoft, Tulsa, Okla, USA), and the results were considered significant for P<0.05. Table 1 shows the comparison of the difference between the initial and final weights, indicating the amount of detritus that both systems extruded apically during the retreatment. ProTaper R showed a mean detritus extrusion of 0,4985 mg and the Reciproc showed a mean apical debris extrusion of 0,4673 mg (Table 1) . Results indicated that both rotational and reciprocating retreatment systems extruded a similar amount of apical detritus ( Table 1) .
RESULTS

DISCUSSION
The effectiveness, cleanliness and safety of the rotary nickel-titanium (NiTi) system ProTaperR have already been proved [12, 14 -16] . Regarding Reciproc, there is increasing scientific evidence of the safety and effectiveness of this system [12, 15, 16] . However, regarding the amount of apical extrusion of detritus, the results of the studies are controversial, and most retreatment studies focus more on the quality of clearance and the time taken to use the files [10 -12] . This way, this study compared the amount of extruded detritus during retreatment with ProTaperR and Reciproc systems.
The results of the present study showed that apical debris extrusion occurred regardless of the type of retreatment system used. This is similar to the results obtained by previous studies reporting that all the file systems used for root canal preparation, operated both in continuous rotation and reciprocation and also including hand instrumentation, can cause different degrees of apically extruded debris [2, 6, 17 -19] .
Besides, the results showed a similar amount of apical detritus extrusion in both retreatment systems used (Table 1) ; i.e., the ProTaper R and Reciproc groups showed almost the same weight difference, indicating the same apical debris extrusion after endodontic retreatment. Silva et al. [2] , quantitatively studied the amount of apically extruded detritus comparing 1 rotary system and 2 reciprocating systems during endodontic retreatment, demonstrating that ProTaper retreatment showed greater extrusion (0.380 mg) compared to Reciproc (0.188 mg), with an average difference of 0.20 mg, proving that the ProTaper Universal Retreatment system produced significantly more debris than both reciprocating systems.
In our study, despite without a statistically significant difference, the ProTaper R also numerically showed a greater amount of apical detritus extrusion of 0,4985mg compared to 0,4673 mg of the apical debris extrusion of Reciproc. A possible reason for the difference in the statistical results between the two studies is due to the distilled water used in the present study and Silva et al. [2] , used sodium hypochlorite as irrigating fluid, which would increase the final weight due to the formation of NaOCl crystals [9] , which precipitated at the time of drying the samples in the oven.
The greater extrusion of detritus produced by the ProTaper Universal rotary retreatment system may be due to the number of files used during the procedure. In addition, during the application of the technique, ProTaper Universal F2, F3, and F4 files were used to finish the treatment, unlike Reciproc, where two non-active tip files R25 were used for retreatment and R40 file for final instrumentation. As expressed by Bramante et al., [20] to achieve an improved cleaning, reinstrumentation is required up to the working length, using instruments larger than those used during the initial retreatment [21] . Yılmaz and Ozyurek [19] compared the amount of apically extruded residue during the retreatment procedures with ProTaper Next (PTN), Reciproc (RPC) and Twisted File Adaptive (TFA). The results showed that the amount of detritus that Reciproc extruded was significantly greater in contrast to the rotary systems (residues material of Reciproc > Twisted file adaptive > ProTaper Next, respectively). These results do not agree with the findings of the present study. One of the main reasons probably is because that these authors used ProTaper Next, usually used for instrumentation and not for retreatment. Instead, ProTaper Universal Retreatment was used in this investigation that has an active tip for such function.
Although studies of apical extrusion of detritus in endodontic instrumentation declare that reciprocating systems extrude a greater amount of detritus than rotary systems [5, 6] , in retreatment, an opposite trend can be observed since the instruments designed specifically for retreatment are rotary and their initial file has an active tip that allows them to penetrate more easily into the filling material, unlike reciprocating instrumentation systems [22] .
Clinical relevance of the present study is that it helps the endodontist in choosing the best system for desobturation in cases of non-surgical endodontic retreatment, considering the amount of apical extrusion of detritus. Since both systems evaluated in the study presented similar results, other characteristics must be considered when choosing the desobturation system to be used in each case.
CONCLUSION
The ProTaper R rotational retreatment system and the Reciproc reciprocating system showed a similar amount of apical extrusion of detritus during the retreatment procedures.
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